Nations around the world are required to measure their progress towards key biodiversity goals. One important example of this, the Convention on Biological Diversity's 2010 target, is soon approaching. The target set is to significantly reduce the rate of biodiversity loss by the year 2010. However, to what extent are the data, especially for tropical countries, available to indicate biodiversity change and to what extent is current knowledge of biodiversity change truly a global picture? While species richness is greatest in the tropics, biodiversity data richness is skewed towards the poles. This not only provides a significant challenge for global indicators to accurately represent biodiversity, but also for individual countries that are responsible under such legislation for measuring their own impact on biodiversity. We examine the coverage of biodiversity data using four global biodiversity datasets, and look at how effective current efforts are at addressing this discrepancy, and what countries might be able to do in time for 2010 and beyond. We conclude by suggesting a number of activities which might provide impetus for improved biodiversity monitoring in tropical nations.
Introduction
While biodiversity loss is a global phenomenon, its impact may be greatest in the tropics where the majority of species are distributed. This long-recognized pattern of increasing diversity towards the tropics [1] is exemplified in tropical forests, which take up less than 2 percent of the Earth's surface, but contain upwards of 50 percent of its biodiversity. In order to effectively mitigate biodiversity loss, greater investment of conservation attention is required in tropical regions where there is the most to lose. Broad-reaching global legislation may provide an impetus for such investment. One important example is the Convention on Biological Diversity (CBD), under which the 190 signatory nations have ambitiously committed themselves to actions to "achieve, by 2010, a significant reduction of the current rate of biodiversity loss at the global, regional and national levels [2] ." Assessing progress towards this important goal requires data on the status and trends in biodiversity for a given country or region. Are nations, particularly those in the species-rich tropics, adequately prepared for this?
Measuring current trends and predicting future changes in the health of species and ecosystems have long been goals of conservation science; however, the adoption of the 2010 target has highlighted the need for investment in such tools [3] . A range of indicators of biodiversity change at the national, regional, and global level are required to inform policymakers on their progress towards this goal [2, 3] . However, since these indicators are only as robust as the data on which they are based, the lack of baseline information for many regions presents a major barrier to the efficacy of these measures.
One of the key recommendations for development of biodiversity indicators is that data gaps be identified and addressed [4, 5] , yet progress towards this has been slow, and few authors have explicitly tackled the issue of data availability in the tropics. In order to assess current biodiversity data coverage and identify areas in need of research investment, we use four key global datasets, each of species data. We examine the geographic patterns in these data and compare them to known species richness gradients. We assess how effective, given these patterns, the current CBD biodiversity indicators may be at measuring trends. We describe ongoing efforts aimed at addressing the geographical discrepancy of data, and how effective these might be at helping countries to evaluate their progress towards the 2010 target. As this is a critical period for addressing this data disparity, we provide a number of recommendations on how this might be achieved.
Methods
We evaluated four global biodiversity datasets, which may be indicative of data availability throughout the world and which may serve to assess country-level adherence to the 2010 target using species data. These were the IUCN Red List of Threatened Species Global Amphibian dataset [6] , downloaded from [7, 8] ; the Living Planet Index dataset [9, 10] ; the IUCN Regional Red List dataset, derived principally from [11] and [12] ; and the Global Biodiversity Information Facility data [13] . These four datasets were chosen to reflect several types of biodiversity data, specifically global species-level conservation assessments, global population abundance trends, national species-level conservation assessments, and global species occurrence data, respectively. We did not attempt to select any particular taxa, but rather to take advantage of what was publicly available. The data assessed in this survey are not intended to be exhaustive, but rather to be indicative of the types of biodiversity information available, and those which may provide species-based measures of biodiversity change for the CBD 2010 target. Throughout the analysis, we use latitude to assess data coverage. While other, perhaps more favorable, techniques are available (e.g., true
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Global conservation assessment
The IUCN Red List of Threatened Species (herein "Red List") is a system used to assign species to categories reflecting relative risk of extinction, ranging from Least Concern (for widespread and abundant species under little threat), to Critically Endangered (species that are facing an extremely high risk of extinction) [14] . Assessing change in Red List status over time gives a broad measure of change in extinction risk [15, 16] . Data on geographic range, population structure, and numbers, habitat, and ecology, as well as the threat processes impacting species, are used to inform Red List assessments. In cases where there are insufficient data on a given species "to make a direct, or indirect, assessment of its risk of extinction based on its distribution and/or population status" [14] , the category of Data Deficient (DD) is assigned, requiring further information before the conservation status of the species can be determined. Determining where DD species are distributed is therefore indicative of the areas of the world which lack important biological and environmental information.
Twenty-three percent of amphibian species are classified by IUCN as DD [6] compared, for example, to 1 percent of the more data rich birds [17] . As the geographic distribution of each amphibian species has been mapped and made publicly available [8] , we selected this taxonomic group for the analysis. We derived the geometric center of distribution for each amphibian, and then calculated the number of DD species within each 10-degree latitudinal band. The proportion of DD species with respect to the number of species distributed in each band was calculated, in order to control for the latitudinal gradient in species richness.
Population trends
Change in species abundance over time represents a sensitive means of assessing the status of biodiversity over the short to medium term [18, 19] . We used the Living Planet Index (LPI) database [9, 10] to gather time series information for species, collated from published scientific literature, databases (e.g., the Global Population Dynamics Database [20] and European birds [21] ), and gray literature. To be included, time series had to meet a number of criteria:
1.
A measure of population size was available for at least two years; 2. Information was available on how data were collected, with units of measurement (e.g. number of individuals, biomass, nest counts, etc); 3. The geographic location of the population was known; 4. The population measure was for the same population throughout the time series, and was collected using the same method; 5. The data source was referenced and traceable.
Using this dataset, we extracted the geographical location of each population time series of mammals in Neotropical and Nearctic realms, and assigned each to a latitudinal band of 10 degrees. The number of populations present in each band was recorded. This subset of the Living Planet database was selected for the analysis since it is relatively comprehensive for mammalian taxa, covering all the Americas from within the Arctic Circle southward down to Tierra del Fuego, and allowed for a comparison to be made to the New World mammalian species richness data, extracted from [22] .
Tropical Conservation Science | ISSN 1940-0829 | tropicalconservationscience.orgNational level conservation assessment National and regional level conservation assessments may help deliver information more compatible to local-level conservation planning [23] and provide one option to assess progress towards CBD targets at a national level. To determine countries with National Threatened Species Lists (NTSLs), we compiled information principally from [11] and [12] . These sources include a list of NTSLs by taxonomic group from all countries in existence in 1994 [12] , and information from 47 countries that responded to a previous survey on NTSLs [11] . Our analysis accounted for the presence or absence of any NTSLs within a country and did not take into account differences in taxonomic coverage, as this information was not available for all regions. We conducted a brief search of the literature to add any NTSLs which had not been represented in either the above two sources. Six were found [24, 25] .
We mapped the distribution of countries with NTSLs, differentiating those that used the IUCN Red List Categories and Criteria from other methods of classifying threat. The geometric center of each country was then derived, giving a standardized single measure of latitude and the proportion of countries with NTSLs within each latitudinal band. While there are alternative biogeographic approaches, which might help account for the fact that certain countries have both temperate and tropical climates, the approach taken in this study allows comparison of several datasets. Biodiversity data in many datasets are at a country level, which precluded alternative types of analysis. Latitudinal bands were sectioned in 10 degrees from the Equator. The proportion of countries with NTSLs in each latitudinal band was calculated in order to control for the greater number of countries at lower latitudes. All the estimates presented are conservative, due to the low response rate of the survey conducted in [11, 12] .
Global records of species occurrence
The Global Biodiversity Information Facility (GBIF) was established in 2001 to enable global electronic access to primary scientific data on biodiversity. An infrastructure has been developed through which natural history collections and other institutions can publish databases to add to the shared network of biodiversity data [26] . We used the GBIF "country" search to establish the quantity of georeferenced occurrence data for the 243 countries recognised in GBIF (see [13] ). Geometric centers were calculated for each country and their latitudes plotted against a count of occurrence data for each. While access to the georeferenced occurrence data points themselves would have been more indicative of the distribution of biodiversity data, we did not have the facility to compile web-scraping algorithms to download and handle the 43 million records. It was therefore decided that by investigating the number of occurrences by country, we would still be able to make a reasonable assessment of biodiversity information at the country level.
Biodiversity indicators for the CBD 2010 Target
After examining data coverage, we reviewed the current CBD indicator set [27, 28] and evaluated the potential for delivery in time for 2010, with respect to national-level data for tropical countries. The CBD has identified 22 headline indicators, grouped into seven focal areas (see Appendix 1) . Eight headline indicators in the CBD focal areas "Status and trends of the components of biodiversity" and "Sustainable use" were reviewed. Each headline indicator was assessed to determine the geographic coverage that it could apply to, as well as its current ability to provide adequate data for tropical countries to measure their progress toward the 2010 target.
Results
All four datasets point to a similar pattern of fewer, more scattered data available in the tropics. Along with highlighting a tropical-temperate discrepancy, this analysis also reveals great differences between data availability for the Northern and Southern Hemispheres. This general pattern in disparity in geographic coverage of each of the datasets is examined below in greater detail. 
Global conservation assessment
Although amphibians are relatively well-studied and have been comprehensively assessed, data deficiency remains an issue [29] . Even after controlling for the gradient in species richness, it is evident that there are more DD amphibian species in the tropics (Fig. 1) , illustrating a lack of meaningful data for these regions. The proportion of DD species south of the Equator is greater than that for the equivalent latitudinal bands north of the Equator. The only area which does not appear to strictly follow this latitudinal pattern is the band -50 to -40 degrees, which covers parts of Argentina, Chile, Tasmania, and New Zealand. There are five DD species amongst the 29 amphibians found in this latitudinal band. These five species are distributed in the Patagonian region of Chile and Argentina, which is infrequently studied due to its remoteness and the low human density.
Population trends
The subset of Nearctic and Neotropical mammalian population time series data shows clearly that data are much scarcer in the tropics, and quite minimal southwards of 25 degrees north latitude (Fig. 2) . The predominance of data from temperate regions in the Northern Hemisphere is evident, similar to the pattern observed in global conservation assessment data for amphibians. When compared to total mammalian species richness for these biogeographic realms, it is clear that there is a large discrepancy in data availability, as regions with the greatest mammalian species richness (approximately 15 degrees south latitude) have very few data.
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National level conservation assessment
The quantity of NTSLs produced by temperate countries outweighs that of tropical nations (Fig. 3) . While 56 percent of temperate countries (defined as those whose geometric center is located north of the Tropic of Cancer and south of the Tropic of Capricorn) have NTSLs, only 26 percent of those found within the tropics have similar publications. It is also evident that the number of NTSLs for countries at high latitudes in the Northern Hemisphere is much greater in comparison with those at similar latitudes in the Southern Hemisphere. When these data are mapped (Fig. 4) , it becomes apparent that the largest gap in coverage is in Africa, with only one in four countries possessing a NTSL. Other notable gaps include west Asia as well as Indonesia and Papua New Guinea.
The only deviation from the above pattern is at the latitudinal band of -30 to -20 degrees. Among the countries in this band are Australia, New Zealand, and South Africa, where there is more emphasis on biodiversity data collection and greater conservation attention given in comparison with other Southern Hemisphere countries. 
Global records of species occurrence
More than one in three georeferenced records (36 percent) contained in the GBIF database [13] are from the USA. The majority of georeferenced data (83 percent) comes from only 10 countries (in order, from the highest number of records: USA, France, Germany, Costa Rica, United Kingdom, South Africa, Canada, Norway, Austria, and the Netherlands). These records are skewed towards temperate regions, with a relatively strong peak between the Equator and 10 degrees north corresponding to the prevalence of Costa Rican data (Fig. 5) . This of course is not typical for all places within that latitudinal band around the world.
Tropical country delivery of global biodiversity indicators
The lack of data on tropical biodiversity will impact the efficacy with which CBD indicators are able to accurately portray biodiversity change in tropical countries. Out of the eight CBD headline indicators that were assessed, only two appear to have sufficient coverage to deliver comprehensive progress measures for tropical countries (Appendix 2). These include "Trends in selected biomes, ecosystems, and habitats" derived from satellite data and "Trends in coverage of protected areas" from the World Database of Protected Areas. National-level coverage of biodiversity data in the remaining indicators is more varied. Certain indicators may be able to generate quite comprehensive global coverage (e.g., "Trends in abundance and distribution of selected species" and "Trends in status of threatened species"), while others are likely to be much more limited in their national level coverage (e.g., "Trends in areas under sustainable management"). Even with this range of indicators, many countries may still be faced with inadequate data to assess their own progress towards the 2010 target. 
Discussion
With the adoption of global, regional, and national biodiversity targets, it is paramount that robust and meaningful data on biodiversity trends are generated. If changes in biodiversity cannot be measured accurately, the threatening processes that are impacting species and ecosystems, particularly those that are driven by human activities, cannot be adequately addressed. It is worrying that, in many cases, coverage of biodiversity data appears to correlate negatively with species richness. While many monitoring programs are wellestablished in temperate regions, long-term monitoring schemes of tropical biodiversity are still few and far between. This may severely impact the ability of tropical nations to make meaningful conclusions about rates of biodiversity change within national borders. Along with geographic bias in data, there are taxonomic biases which may influence the ability to assess changes to biodiversity. While we have not explicitly evaluated taxonomic coverage of the datasets here, we can comment briefly on taxonomic coverage of biodiversity data. Key omissions from most biodiversity datasets are many plants, most invertebrates, and all microbes [3, 7, 30] -groups that probably have the greatest importance to the sustained delivery of ecosystem services [30] , in particular those from tropical regions. At this point in time, biodiversity datasets are still far from being a comprehensive global resource in all countries, and consequently the effectiveness with which global biodiversity change can be measured, is compromised. Among the many reasons for the difference in data availability between tropical and temperate regions, significant obstacles include insufficient funding, lack of adequate infrastructure and expertise for data collection, inaccessibility to research sites due to political upheaval, and difficulties in getting data published or made public. As these issues are not easily overcome in the short term, they are unlikely to be resolved with enough time to impact data coverage by 2010.
Implications for conservation
Despite shortfalls in the existing knowledge of biodiversity, it is still possible to observe meaningful trends. There is overwhelming evidence that the changes witnessed over recent years are substantial and predominantly negative [7] , and that these effects are being felt most acutely in the tropics [7, 10, 31, 32] , where the majority of biodiversity exists. Forest cover in the tropics continues to decline sharply, estimated at an annual loss of 0.8 percent for all tropical forests, with particularly severe losses in Southeast Asia [30, 32] . Even though current data permits observation of such trends, it is still necessary to increase data coverage in order to make these measurements more robust.
The tropical biodiversity data gap may influence certain CBD indicators more than others. The variety of methods and scales of CBD indicators will help to minimize data gaps; nonetheless, these indicators are limited by both quality and quantity of data. Our review indicates that other than subsets of certain indicators (e.g., birds in IUCN Red List Index [31] ), the indicators most likely to deliver nearly complete information for both tropical and temperate regions in time for 2010 are the satellite-based approaches. These approaches may be particularly useful in assessing certain systems, such as changes in forest cover. However, they may be less applicable to other systems, are relatively coarse in what they can measure, and can have trade-offs in the utility of the data produced (e.g., see [33] ). The nonsatellite indicators, however, are primarily reliant on pre-existing available data, which are most lacking in tropical latitudes. In order to rectify these issues, steps are being taken to minimize the impact of discrepancies in sampling and data coverage. These include using different methods of aggregation [10] , working to bring in more data (e.g., Birdlife International's Globally Threatened Birds Forum [34] ), and increasing the coverage of lesser known groups (e.g., the IUCN Red List Index sampled approach, which assesses invertebrate and plant taxa [16, 35] ). A great deal of information in tropical nations exists in the form of theses and technical reports. Working with local scientists is the best way to access these untapped sources of data. Nonetheless, there is no substitute for informed indicator design with more representative and better quality data [5] .
A focus for future research
Assessing the global distribution of biodiversity data gives a focus for future development. There are key areas where effective solutions may be found. We suggest that the following activities would provide impetus to address the tropical biodiversity data gap:
• Developing methods that use representative samples and/or weighting approaches to make the best of current data; • Filling existing gaps by focusing research and monitoring on key regions, habitats, and taxa; • Investment in local institutions that can develop the infrastructure and expertise for longterm monitoring; all of which can combine to establish . . .
•
A global biodiversity observation system, which is systematically designed across regions and taxa.
Collaborative approaches between indicator development groups and, on the ground, conservation organizations might provide a useful impetus to start meaningful data collection in areas where there are gaps. For example, a new initiative based upon camera trapping, the Wildlife Picture Index project, aims to evaluate trends in abundance of vertebrate species in wilderness areas by making use of existing camera trap sites and adding to this starting set [36] . Camera traps are ideal for monitoring medium to large mammals in particular, and with advancing technology and falling costs, might make a good addition to tropical systems monitoring. However, this clearly does not address some of the taxonomic issues referred to above.
Solutions such as web-enabled valid taxon name databases, as described in [37] , where collecting occurrence data, through initiatives such as GBIF, might be one way of enhancing biodiversity data coverage. Initiatives such as the American Museum of Natural History SPIDA project [38] remove observer bias and account for lack of taxonomic expertise, which can be particularly problematic in the less well studied groups of organisms that make up the majority of biodiversity. These programs have the potential to greatly increase tropical biodiversity data, if given enough specimens. A standardized bio-monitoring system (e.g., [39] ), might increase data coverage by requesting the collection of standardized baseline information across countries. The key to this approach is not only to encourage national-level
Tropical Conservation Science | ISSN 1940-0829 | tropicalconservationscience.orgsign-up to such standards, but subsequently to provide the facility to fundraise so that monitoring systems may be put in place and maintained. Although the cost of running such programs may vary by several orders of magnitude among taxa and countries [40] , surrogates may provide a shortcut to useful biodiversity data (e.g., [41, 42] ). Further, appropriately designed sampling schemes may lessen the required coverage if implemented accurately [35] .
Although there is a clear discrepancy in biodiversity data coverage, which may impact the ability of countries to report on the CBD 2010 target, many programs are working to minimize this gap. The global and regional coverage of conservation assessments is continually expanding, leading to better geographic and taxonomic representativeness in indicators such as the IUCN Red List Index, which can in some cases be carried out at the sub-global level (e.g. [43] ). Population-based indicators such as the Living Planet Index, with more sensitive means of measuring change at the cost of breadth of taxonomic coverage, are able to explore different aggregations to minimize the impact of gaps. Lastly, initiatives such as GBIF, which aim to mobilize pre-existing data for tropical regions, are experiencing notable success. These data may well begin to feed into the existing set of global biodiversity indicators, or may yet generate separate indicators of their own.
The potential to catalogue, map, and evaluate biodiversity has been revolutionized by advances in computing, technology, and, more recently, internet-based data-sharing portals. The process of information gathering is perhaps more cumulative than ever before [44] . In spite of all the effort going into biodiversity data collection, country-level reporting for the 2010 target is likely to be highly variable. The year 2010 is impossibly close; but the decisions made in the following few years will dictate what tropical countries can hope to achieve in time for new target timelines beyond 2010.
